The study was aimed to investigate the effect of baicalein, a flavonoid molecule isolated from the plant Oroxylum indicum on bladder cancer cell viability. The results revealed that baicalein treatment of T24 and 253J bladder cancer cells targeted the expression of mRNA and proteins corresponding to the antiapoptotic genes. RT-PCR assay showed that anti-apoptotic genes were markedly over-expressed in the bladder cancer cells. Exposure of the bladder cancer cells to baicalein at 5 mg/mL doses for 72 h led to reduction in the expression of mRNA levels of antiapoptotic genes. In T24 cells, the levels of BCL2, BclxL, XIAP and surviving was reduced by 65, 69, 58 and 72%, respectively. In T24 and 253J cells exposure to baicalein for 72 h resulted respectively in 39 and 46% reduction in cell viability. Baicalein treatment also induced apoptosis in the bladder cancer cells. In T24 and 253J cells baicalein treatment at 5 mg/ mL for 72 h induced apoptosis in 79 and 86% cells respectively. Thus, baicalein mediated reduction in antiapoptotic gene expression inhibits viability and induces apoptosis in bladder cancer cells. Therefore, baicalein is of therapeutic importance for the development of bladder cancer treatment strategy. 
Introduction
Invasive bladder carcinoma patients have been treated by using radical cystectomy as the standard treatment method. But this method has the limitation of affecting the quality of life of the patients after treatment. It has been estimated that 40% patients suffering from invasive bladder carcinoma have a survival period of less than 5 years (Patton et al., 2001; Leissner et al., 2003; Hong et al., 2005; Stenzl et al., 2008) . The use of newly developed trimodality therapy has been reported to be safe and effective, yielding a complete response (CR) in more than 60% of cases (Kaufman et al., 2000; Weiss et al., 2007; Gogna et al., 2006) . However, the survival rate using this treatment method was found to be similar to that for radical cystectomy (Hagan et al., 2003) . A highly effective, but non-or only minimally invasive therapy that conserves the bladder is therefore needed. Down-regulation of the genes responsible for survival and proliferation of cancer cells can have a therapeutic effect in bladder cancer. For maintenance of normal tissue homeostasis and selective removal of infected or damaged cells apoptosis is responsible (Burz et al., 2009 ). However, cancer cells have the ability to escape the process of apoptosis which may be due to the over expression of antiapoptotic genes like BCL2, Bcl-xL, XIAP and surviving (Hanahan and Weinberg, 2011) . The members of BCL2 family are reported to inhibit the cytochrome c release from mitochondria and inhibit caspase activation (Brunelle and Letai, 2009 ). Caspases on activation are known to induce apoptosis resulting in decomposition of the proteins involved in maintaining cell stability and function (Taylor et al., 2008) . In more than 80% of the bladder cancer tissues BCL2 protein was found positively and its expression correlated with the stage and grade of tumour (Korkolopoulou et al., 2002) .
Metabolites derived from medicinal plants play a crucial role in the treatment of various diseases and disorders (Antonisamy et al., 2015; Balamurugan, 2015; Rathi et al., 2015; Sreeshma et al., 2016) . Oroxylum indicum poly herbal formulations have a well known traditional medicinal importance in Indian system of medicine and exhibits anticancer potential. concentration of 0.05% showed promising cytotoxic activity against Hep2 cell lines (Narisa et al., 2006) . Phytochemical investigation of Oroxylum indicum leads to the isolation of a flavonoid molecule, baicalein which exhibited inhibitory effect on proliferation of HL-60 cell lines at 25-30 lM (Roy et al., 2007; Serasanambati and Chilakapati, 2016) . Oroxylum indicum has showed extensive cytotoxicity against cancer cell lines both in form of methanolic and aqueous extracts. Furthermore, the two extracts also prevented oxidative stress of DNA (Kumar et al., 2010) . In the present study effect of baicalein on knockdown of antiapoptotic genes including BCL2, Bcl-xL, XIAP and survivin in human cervical carcinoma cell lines was studied.
Materials and methods

Cell culture and chemicals
The human bladder carcinoma cell lines T24, 253J and J82 were purchased from American Type of Culture Collection (ATCC, Manassas, VA, USA). The cells were cultured under standard conditions at 37°C in humidified atmosphere containing 5% CO 2 . Baicalein a kind of gift from Professor Rajneesh was dissolved in dimethyl sulfoxide (DMSO) to a concentration of 50 mM as a stock solution. Rabbit antihuman Caspase-3, mouse antihuman Bcl-2, and b-actin were purchased from Cell Signaling (China).
Cell viability assay
WST-1 colorimetric assay was used to determine the viability of T24, 253J and J82 bladder carcinoma cells. The cells were seeded at a density of 2.5 Â 10 5 cells per well in 96 well tissue culture plates and were treated with baicalein at indicated concentrations. After treatment cells were incubated with WST-1 for 4 h at 37°C as per the manual protocol. The Victor 3 microplate reader was used to measure the absorbance at 450 nm. All the measurements were performed three times and the mean of three measurements was calculated based on average absorbance of control cells.
Assessment of apoptosis
The cells were treated with the indicated concentrations of baicalein and subjected to examination of nuclear morphology using fluorescence microscopy employing cell-permeable Hoechst 33342 dye. Five fields with 100 cells per field were randomly selected for calculation of cells containing condensed nuclei. Annexin-V binding assay was used for monitoring the phosphatidyl serine exposure. Cells were treated with the indicated doses of baicalein and then trypsinized. The cells were then washed with PBS and re-suspended in Annexin-V binding buffer (10 mM HEPES/NaOH pH 7.5, 140 mM NaCl, 2.5 mM CaCl 2 ), containing Annexin-V Alexa Fluor 488 conjugate (1:50) for 15 min at 25°C. The inverted fluorescence microscope (Leica DM IRB, Germany) was used to capture the images.
Reverse transcriptase PCR
Total cell RNA was isolated from the cells treated with baicalein using RNeasy Kits (Qiagen). The Omniscript RT (Qiagen) was used to reverse transcribe the cDNA using 500 ng RNA sample. After transcription the cDNA was then employed for quantitative realtime PCR (qPCR) using Taq PCR Master Mix Kit (Qiagen) according to the manufacturer'sprocedure.
Western blot analysis
Baicalein treated cells were lysed mechanically in ice-cold hypotonic buffer containing protease inhibitors (10 mM Tris HCl pH 7.2, 5 mM KCl, 1 mM MgCl 2 , 1 mM EGTA, 1% Triton X-100; 10 lM Leu-pep and Pep-A, 100 lM PMSF). The samples of proteins were loaded and separated on SDS-PAGE and transferred to nitrocellulose membrane. The membrane was incubated with the primary antibody (1:1000) overnight at 4°C followed by incubation with HRP-conjugated secondary antibody (1:1000) for 1 h at 25°C. The enhanced chemi-luminescence reagent was used for the visualization of the proteins. NIH Image J software was used for quantification of the digitized and band intensified images.
Cell motility assay
T24 and 253J cells were grown into 35-mm cell culture dishes to attain 90% confluence and then pipette tip was used for making a wound through the cell layer. The dishes were then washed with phosphate-buffered saline (PBS) followed by addition of various concentrations of baicalein of dimethyl sulfoxide (DMSO) as control. The cells were incubated for 72 h and the cell migration into wounded area was examined by taking photographs of the plates at 50Â magnification under the microscope.
Statistical analysis
The data expressed is the mean of ±SD. The difference between the baicalein treatment culture and the DMSO (control) cells was analyzed using Student's t-test. The probability of p < 0.05 was taken to indicate statistically significant differences.
Results
Expression of antiapoptotic genes in bladder cancer cells
Analysis of the expression of anti-apoptotic genes in bladder cancer cells was performed by quantitative PCR analysis. The examination revealed a marked increase in the expression of anti-apoptotic genes in the three tested bladder cancer cells, T24, 253J and J82 (Table 1) . These findings correlated with the earlier reports showing enhanced expression of the anti-apoptotic genes in bladder cancer cells.
Baicalein exhibits inhibitory effect on expression of anti-apoptotic gene
The bladder cancer cells, T24 and 253J were exposed to 1, 2, 3, 4 and 5 mg/mL doses of baicalein followed by analysis of antiapoptotic gene expression. The results showed that anti-apoptotic gene expression in both the bladder cancer cells was markedly reduced on exposure to 5 mg/mL doses of baicalein for 72 h. The rate of inhibition was found to be 20, 21, 19 and 27% for BCL2, Bcl-Xl, XIAP and survivin respectively at 5 mg/mL concentration of baicalein in T24 cells (Fig. 1) . The similar results were observed for 253J cells. Therefore, baicalein treatment caused a marked reduction in the expression of anti-apoptotic genes in bladder cancer cells after 72 h. The data shown is expressed by taking TBP as the control.
Baicalein exhibits molecular effects on antiapoptotic gene inhibition
Exposure of the bladder cancer cells to baicalein at 1, 2, 3, 4 and 5 mg/mL doses for 72 h lead to reduction in the expression of mRNA levels of anti-apoptotic genes. In T24 cells, the levels of BCL2, Bcl-xL, XIAP and surviving was reduced by 65, 69, 58 and 72%, respectively after 72 h. Western blot analysis also showed that baicalein treatment at 5 mg/mL doses reduced the expression of proteins in both T24 and 253J bladder cancer cell lines at 72 h (Fig. 2) .
Cellular effects of baicalein exposure
Investigation of the effect of baicalein treatment on viability of bladder cancer cells was performed following 72 h of exposure. Incubation of bladder cancer cells with 1, 2, 3, 4 and 5 mg/mL doses of baicalein for 72 h caused a marked decrease in the viability (Fig. 3) . In T24 and 253J cells exposure to baicalein for 72 h resulted respectively in 39 and 46% reduction of cell viability.
Effects of baicalein on DNA damage and apoptosis in T24 cells
Baicalein treatment for 72 h induced apoptosis in the bladder cancer cells. The apoptosis induction in both the cancer cell lines was significant from 4 mg/L concentration of baicalein. In T24 and 253J cells baicalein treatment at 5 mg/mL for 72 h induced apoptosis in 79 and 86% cells respectively (Fig. 4) . Fig. 2 . Baicalein inhibits expression of anti-apoptotic genes. T24 and 253J cells were subjected to incubation with 1, 2, 3, 4 and 5 mg/mL doses of baicalein for 72 h. The expression of mRNA corresponding to BCL2, Bcl-xL, XIAP and survivin protein was examined by western blot assay. Fig. 3 . T24 and 253J bladder carcinoma cell viability is inhibited by baicalein treatment. The cells were subjected incubation with 1, 2, 3, 4 and 5 mg/mL doses of baicalein or with DMSO (control) for 72 h and then cell viability was analyzed using WST-1 colorimetric assay. 
Baicalein suppresses migration
Wound-healing assay revealed that treatment of T24 and 253J cells with various concentration of baicalein caused inhibition of migration in comparison to the control cells. T24 and 253J cells after incubation with 1, 2, 3 and 4 mg/mL concentration of baicalein for 72 h were analyzed for migration potential. The migration potential of both the cells lines was reduced markedly on treatment with 4 mg/mL concentration of baicalein (Fig. 5) . 
Discussion
Bladder cancer patients treated by radical cystectomy show poor quality of life after the treatment. More than 40% invasive bladder cancer patients have a survival period of less than 5 years (Dalbagni et al., 2001) . Trimodality therapy despite being safe and effective yields results similar to that for radical cystectomy (Kaufman et al., 2000) . The current study demonstrates the role of baicalein in inhibiting the viability and inducing the apoptosis of bladder cancer cells. The results revealed that baicalein treatment inhibits viability and induces apoptosis in bladder cancer cells through targeting anti-apoptotic gene expression. Carcinoma cells are known to undergo proliferation and promote formation of tumor growth at a very high rate. In the present study results revealed that baicalein treatment inhibits the viability of T24 and 253J bladder cancer cells at doses of 5 mg/mL after 72 h. Antiapoptotic genes play a vital role in overcoming the process of apoptosis and are expressed abundantly in cancer cells and tissues (Li et al., 2007; Hunter et al., 2007) . It is believed that suppression of anti-apoptotic gene expression exhibits inhibitory effect on invasive potential of bladder cancer and can be of therapeutic importance for bladder cancer treatment. Our results from the current study showed that baicalein treatment exhibits inhibitory effect on the expression of anti-apoptotic genes, mRNA and the corresponding protein in bladder cancer cells. In addition, baicalein treatment also reduced the viability of the bladder carcinoma cells. Apoptosis constitutes a physiological process that plays an important role in maintaining homeostasis in the living organisms by controlling proliferation of cells and regulating cell number (Trump et al., 1997) . Induction of apoptosis in cancer cells is of great therapeutic value for the development of cancer treatment strategy (Thompson, 1995) . The anti-apoptotic genes including BCL2, Bcl-xL, XIAP and survivin enable the cancer cells to escape the process of apoptosis. Our data from the present study showed that exposure of bladder cancer cells to baicalein for 72 h enhanced the rate of apoptosis. In T24 and 253J cells baicalein treatment at 5 mg/mL for 72 h induced apoptosis in 79 and 86%, respectively.
Conclusion
Baicalein treatment inhibits viability and induces apoptosis in bladder cancer cells through targeting expression of antiapoptotic gene expression. Therefore, baicalein is of therapeutic significance for the treatment of bladder cancer.
